Background: Isolated atraumatic posterior glenohumeral instability is rare. Use of thermal capsulorraphy for glenohumeral instability is considered controversial. This case study describes a modified rehabilitation protocol for a patient who underwent a multistep arthroscopic procedure for isolated posterior glenohumeral instability with a postoperative complication of adhesive capsulitis. Case Description: A 30-y-old man with a 15-y history of bilateral posterior glenohumeral instability related to generalized hypermobility underwent right-shoulder arthroscopy consisting of a combined posterior labral repair, capsular imbrication, and thermal capsulorraphy. A gunslinger orthosis was prescribed for 6 wk of immobilization. Adhesive capsulitis was diagnosed at the 5-wk postoperative visit and immobilization was discontinued. A modified treatment protocol was devised to address both the surgical procedures performed and the adhesive capsulitis. Residual symptoms resolved with release of an adhesion while stretching 10 months postoperatively. Outcomes: Scores of 5 shoulder-assessment tools improved from poor to excellent/good with subjective report of a very good outcome. Discussion: The complication of adhesive capsulitis required an individualized treatment protocol. In contrast to the standard protocol, our modified approach allowed more time to be spent in each phase of the program, was aggressive with restoring range of motion (ROM) without excessively stressing the posterior capsule, and allowed the patient to progress to activities that were tolerated regardless of protocol phase. Shoulder stiffness or frank adhesive capsulitis after stabilization, as in this case, requires a more aggressive modification to prevent permanent ROM limitations. Conversely, patients with early rapid gains in ROM must be protected from overstretching the repaired tissue with a program that allows functional motion to be incorporated over a longer time frame. This study indicates the use of thermal capsulorraphy as a viable surgical modality when it is used judiciously with the proper postoperative restrictions and rehabilitation.
Basic-science clinical and outcomes research of glenohumeral instability is extensive and varied. Most shoulder instability presents as anterior or multidirectional, with only an estimated 2% to 3% of cases being strictly posterior. [1] [2] [3] [4] The etiology of shoulder instability is considered to be traumatic, atraumatic, or acquired. 2, 3 Traumatic causes of instability consist of forceful dislocation or subluxation. 2 Forceful disruption creates permanent deformation of the glenohumeral capsule and/or labrum, allowing abnormal translation of the humeral head over the rim of the glenoid. 2, 5 Traumatic instability most often occurs in an anterior direction. 6 Atraumatic instability is generally associated with generalized ligamentous laxity that is often a systemic occurrence. 2 Generalized laxity may be a benign presentation or possibly the result of an undetermined connective-tissue abnormality, possibly a mild form of Elhers-Danlos syndrome. 7 Congenital abnormality of the rotator interval may be suspected in the absence of trauma of the glenohumeral joint in patients presenting with instability. 2, 8 Individuals with atraumatic laxity may be able to voluntarily sublux or dislocate the glenohumeral joint. 3 This phenomenon has been associated with psychological pathology, which tends to confound treatment. 3 Most often, however, the voluntary nature of this ability may result simply from repetitive subluxation or reinforcement of abnormal muscle-activation patterns affiliated with particular activities of daily living, work, or sport activity. 3 Acquired instability occurs when the capsular ligaments are subjected to repetitive microtrauma. 2, 9 Trauma is usually the result of overhead activities often seen in sports including baseball/softball, volleyball, tennis, swimming, and throwing events in track and field. 2 Subsequently, the capsule is stressed beyond the elastic limit, and strain deformation occurs, resulting in permanent stretch of the capsule. 10, 11 Capsular damage may present as microinstability, often seen in baseball players. 12 As previously mentioned, a damaged labrum may be involved in a presentation of instability. 2 The labrum is a static stabilizer of the glenohumeral joint that serves to deepen the glenoid and provide a buttress to humeral-head translation. 8 Damage occurs in the form of a tear, detachment, or deformation. This damage is often a significant component of instability as a result of decreased restraint of excess humeral-head translation. 2 Traumatic instability is often treated operatively because conservative or nonoperative treatment has been shown to produce poor outcomes, particularly in younger patients. 2 Incidence of recurrent instability despite immobilization and subsequent rehabilitation has been reported to be as high as 100%. 2, 13 Management of acquired and atraumatic instability generally begins with conservative treatment consisting of a well-supervised rehabilitation program, with very good results having been reported. 2, [14] [15] [16] General programs consist of strengthening of the rotatorcuff, scapular, and periscapular musculature through a combination of isometric, concentric, and eccentric modes, as well as incorporation of a functional dynamic component. 14, 16, 17 Also included in these protocols are neuromuscular treatments that incorporate proprioceptive neuromuscular facilitation. 17 Up to 80% success 18 has been reported by patients with atraumatic instability with use of conservative treatment and activity modification. 14, 15, 18 When instability symptoms persist despite conservative treatment, consideration of surgery is warranted.
Surgical management of anterior instability most often consists of an open or arthroscopic stabilization including the Bankart repair. These procedures tighten the lax anterior static stabilizers through a variety of anatomic and nonanatomic techniques and/or reattach the disrupted anteroinferior labrum. 2, 19 Multidirectional instability has been addressed surgically through a multitude of techniques. 2, 15, 20 These include both open and arthroscopic anterior, inferior, and posterior shifting; capsular plication and imbrication; and thermal capsulorraphy. 2, [20] [21] [22] [23] [24] [25] [26] Isolated posterior instability has been addressed with multiple surgical approaches including open capsulorraphy, either anterior or posterior; rotator interval closure; arthroscopic capsular shift; capsular plication/imbrication; capsulolabral reconstruction; and thermal capsulorraphy. [1] [2] [3] [4] [27] [28] [29] [30] [31] Arthroscopic techniques for posterior instability are advantageous because they are less invasive and yield improved outcomes. 1, 23, 24 Attention has been recently devoted to arthroscopic capsular plication and imbrication, as well as thermal shrinkage. 1, 4, 22, 28, [30] [31] [32] The plication technique consists of placing sutures in the patulous capsule, gathering it up to help restore tension. 28, 31 In the presence of a labral tear or detachment, suture anchors are used to reattach the labrum, as well. 28, 31 The sutures can then be used to gather capsular tissue and imbricate it, which also helps restore tension. A modification of this technique is the capsular shift. Either suture anchors or free sutures are used to draw the capsule or capsulolabral complex progressively upward from inferior to superior, thereby tightening the capsule. 22, 30 Thermal capsulorraphy was introduced in 1994 as an easy alternative to the technically demanding plication/ shift techniques and the invasive open methods. 32 Expectations faded, however, after reports of significant complications and poor outcomes. 1, 32, 33 Subsequently, widespread use of this technique to address glenohumeral instability has fallen out of favor as treatment focus has shifted to the plication and shift techniques. 32 The complications associated with thermal capsulorraphy include recurrence of instability, capsular necrotic failure, axillary nerve injury, adhesive capsulitis, and acute chondrolysis. 1, 26, 32, 33 Thermal capsulorraphy uses thermal energy to heat and denature the helical collagen bonds, which are relatively weak. 25, 34, 35 Proper application results in the breakdown of intramolecular bonds while the intermolecular bonds remain intact, which results in tissue shrinkage. 35, 36 The tissue then heals and remodels in a shortened manner. 34, 35 The main determinant of whether the technique is successful seems to be the effect of shrinkage on the biomechanical properties of the collagen. It was noted in animal models that collagentissue stiffness is decreased by 26% to 65% 2 weeks after thermal treatment and up to 20% at 6 weeks. 37, 38 Normal biomechanical stiffness was reestablished at 12 weeks. 37, 38 During the 12-week posttreatment remodeling time frame, tissue is susceptible to stretching. [37] [38] [39] [40] [41] It is therefore important that the treated capsule be protected from stress during this healing and remodeling phase. 1 It has also been reported that applying the treatment to the capsule in a grid or stripped pattern, leaving areas of untreated tissue, rather than treating the entire capsule, may result in improved and more rapid healing. 39 Therefore, poor outcomes may be a result of the technique of thermal energy application, lack of proper postoperative immobilization, and overly aggressive physical therapy, yielding stress to the healing capsule. 1 Although it is no longer used extensively, several studies have reported use of thermal capsulorraphy for posterior instability as being successful when used in isolation or to augment labral repair, plication, or shift procedures. 1, 12, 26, 42 Postoperative immobilization was a key factor and was accomplished with either a specialized sling or gunslinger brace for 6 to 8 weeks before beginning physical therapy. 1, 12, 26, 42 The postoperative phase after thermal capsulorraphy requires a period of immobilization before beginning rehabilitation. 1, 12, 26, 35, 42 The type and length of immobilization have varied from short-term use of a sling to up to 8 weeks in a gunslinger orthosis. 1, 26, 42 On completion of 6 to 8 weeks immobilization, rehabilitation is started with emphasis on slow progressive lengthening of the tightened posterior capsule to a point that allows near-normal to normal internal rotation and multiplanar motions without the preoperative instability. 1, 35 Activeassisted, active, and passive range of motion (ROM) along with joint mobilization are emphasized. Strengthening is incorporated and progressed in the same manner as with nonoperative rehabilitation, and the total time of expected rehabilitation varies from 5 to 7 months. 35 If a concomitant labral repair is performed, immobilization for this 6-to 8-week time frame would allow for proper healing of this tissue. 22 The aim of this case report is to describe a modified rehabilitation protocol for a patient who underwent a multistep arthroscopic procedure for isolated posterior glenohumeral instability with a postoperative complication of adhesive capsulitis.
Case Description History
A 30-year-old man with a 15-year history of bilateral posterior glenohumeral instability described right-shoulder symptoms that began in 1991 and were associated with playing baseball. The patient reported an intermittent "dead arm" sensation with no apparent cause. The following year he began to experience a vague sensation of shoulder discomfort that was later identified as partial subluxations during throwing. He also reported developing the ability to "slip" the shoulder in and out of the socket. The patient was seen by an orthopedic surgeon who provided a diagnosis of general hypermobility and bilateral multidirectional glenohumeral instability. An extensive physical therapy regimen was prescribed. The patient's symptoms improved, and he was able to return to baseball but had to be very strict with maintaining the strength of all dynamic stabilizers to minimize the occurrence of impingement pain and subluxation. The patient experienced no further subluxations from throwing a baseball but continued to have impingement-like symptoms with throwing. His right shoulder was reassessed via an arthrogram MRI in 2000 because of increased shoulder pain. MRI confirmed a patulous posterior capsule, and it was recommended that he continue with conservative care. The patient advanced to playing in the highest amateur baseball league in the United States, retiring in 2002. He remained relatively symptom free for 4 years while being active in recreational outdoor activities and general fitness training. In 2006, symptoms intensified when he suffered an incident of partial dislocation while sleeping. On waking in pain with a numb right arm, he used his left arm to reposition the right shoulder and reported an audible crunch. At 4 months the patient still had symptoms of pain and decreased strength. Activities of daily living were limited, and he was unable participate in most activities involving shoulder activity, particularly those with overhead motions. After orthopedic consultation, surgery was performed in November 2007.
Surgical Intervention
Preoperative diagnosis consisted of right-shoulder posterior or multidirectional instability. Exam under anesthesia revealed 3+ bilateral posterior instability with only a trace to 1+ sulcus. Diagnostic arthroscopy revealed a flattened posterior labrum with a small tear and patulous posterior capsule. Corrective procedures included a labral repair and concomitant posterior capsule imbrication with 2 Arthrex Biosuture Taks. The remaining patulous posterior capsule was treated with an Arthrex radiofrequency wand in a striped fashion. Postoperative exam under anesthesia revealed elimination of the posterior instability pattern, with a trace of remaining posterior glide. A gunslinger orthosis was applied with the shoulder positioned at 30° abduction with 15° external rotation.
Rehabilitation
Guidelines for immobilization were strict. The brace was to be worn at all times, with the exception of showering, for 6 weeks. Postoperative follow-up at 5 weeks confirmed posterior stability. However, the patient had significant pain, initially 7 to 8 out of 10, with all efforts of elevation beyond 50°, as well as pain at rest. He was diagnosed with adhesive capsulitis. Immobilization was discontinued at 5 weeks, and a 4-phase, 24-week physical therapy protocol was prescribed. This protocol was indicated as being specific for posterior thermal capsulorraphy rehabilitation. The first phase consisted of immobilization and subsequently limiting stress placed on the posterior capsule through the 12th week postoperatively. All ROM except internal rotation were expected to be normal and pain free by the eighth postoperative week. Emphasis was placed on slow steady progression of strength in all shoulder-girdle groups while avoiding stress to the posterior capsule through the 12th week. Manual treatment to help restore joint motion was to be performed in a "gentle" manner-no specific mobilization grades were provided but this was assumed to be grades 1 and 2-to avoid excess stress to the healing capsule. Because of the patient's complicated presentation and risk of a poor outcome, the prescribed protocol required modification. Modifications were made on a week-to-week basis as the patient either progressed or failed to progress. These included the expansion of time frames for obtaining goals and more aggressive passive ROM (PROM) and mobilizations. The patient was allowed to perform tolerated activities regardless of whether he had met the goals necessary to progress to that point. The modified protocol focused on protecting the posterior capsule while being more aggressive with ROM and activity progression.
Initial assessment took place 1 week postimmobilization (Table 1) . Modified phase I treatment began the first week (Table 2) , and the patient was treated for 3 sessions per week through phase II. Attendance was then decreased to 2 sessions per week and was maintained through the end of the protocol. Exercise prescription was maintained during phase I at 2 or 3 sets of 10, to tolerance, always with minimal or no discomfort or pain being reported. Low-level creep stretches were used to address the patient's expected internal-rotation deficit and the complicating feature of adhesive capsulitis. Clear definition of stretching discomfort versus pain was provided to the patient and referred to when determining stretch intensity. Progression of the stretching was accomplished with physical pressure applied by the therapist, just into the range of capsular resistance, always with minimal or no discomfort. Mobilizations were applied according to the Maitland grading system. 43 Grades 1 and 2 mobilizations were initiated without stressing the posterior capsule. Posterior capsule mobilization began 3 weeks postimmobilization. Phase I of the protocol was augmented with a home exercise program. The expected time frame for the unmodified phase I was 1 to 3 weeks. The patient spent 6 weeks in this phase. This prolonged period was a result of ROM limitation and persistent significant pain.
The patient was reassessed 6 weeks postimmobilization (Table 3 ) and progressed to phase II. During phase II, exercises of progressive difficulty were added (Table 4) . Manual treatment consisted of passive isolated posterior capsule stretching, general shoulder-girdle stretching, PROM, and mobilizations. Mobilizations were progressed to grades 3 and 4 with strict attention paid to the amount of force exerted on the posterior capsule. Subjective description: right arm most comfortable in position maintained by the brace.
AROM
Flexion 50°*, abduction 50°*, ER (1) (0° abduction) 75°*, IR (1) (neutral-0°).
PROM
Flexion 65° pain*, abduction 70° pain*, ER (1) (0° abduction) 75° tight, IR (1) (neutral) pain posterosuperior with firm end feel at neutral.
IR, internal rotation; AROM, active range of motion; ER, external rotation; PROM, passive range of motion.
(1) All rotation ROM was performed in supine with a stable scapula. Postural awareness
Home exercise program
Continued with progression to free-weight exercise and increased PROM and self-stretching
Hand, wrist, and elbow Exercise incorporated into shoulder material and home program

General conditioning Stationary bike
Shoulder program
Upper extremity bike: oscillating within tolerated range progressed to full rotation Medium Theraband with progression to heavy resistance, ER-IR, retraction, extension, protraction, scaption, progression to PNF diagonal patterns D1-D2 flexion and extension as tolerated Because of the modified nature of the protocol, if the patient was tolerant of an activity in phase III he was allowed to perform it despite still being in phase II. Baseball tosses at a distance of 40 ft (~12 m) were begun 20 weeks postimmobilization. The expected time frame for the unmodified phase II was 7 weeks. The patient spent 22 weeks in this phase because of continued symptoms of pain, decreased ROM, and decreased strength.
At 28 weeks postimmobilization the patient was reassessed ( Table 5 ). The goals to be accomplished by the end of phase II included full pain-free ROM, normal arthrokinematics, strength graded 70% of that of the contralateral side, and no pain or tenderness. All goals were obtained with the exception of pain and ROM (Table  5 ). The patient progressed to phase III of the modified protocol at 29 weeks postimmobilization (Table 6 ).
Table 5 28 Weeks Postimmobilization Observations
Scapular position: Normalized right-shoulder girdle positioning and posture.
Muscle tone: normalized.
Capsular pattern: IR limitation persists but is expected.
Subjective description: Shoulder described as tight.
AROM
Flexion 170° pain at 160°*; abduction 170° with tightness, pain at 165°*; ER (1) 85° at 90° shoulder abduction with tightness and pain anterosuperior shoulder; IR (1) 55° at 90° shoulder abduction tight with pain posterosuperior shoulder.
PROM
Flexion 175° pain*; abduction 175° tight with subtle excess scapular upward rotation and pain*; ER (1) 90° all positions, pain anterosuperior at end range; IR (1) 60° tight firm end feel with pain posterosuperior at end range.
IR, internal rotation; ER, external rotation; MMT, manual muscle test.
(1) All rotation ROM was performed in supine with a stable scapula. 
Shoulder program
Upper extremity bike: endurance program forward and backward Theraband heavy resistance, ER-IR, retraction, extension, protraction, scaption, PNF D1-D2 diagonal patterns Adjustable-position pulleys, weight to tolerance; adduction; abduction; flexion; extension; retraction; ER; IR; PNF D1-D2 diagonal patterns; forward and reverse throwing-motion patterns Free weight, weight to tolerance; scaption; empty can; abduction; prone horizontal abduction, retraction, extension; ER-IR; biceps and triceps; supine serratus anterior press; bench press; horizontal abduction and adduction Bodyblade: 2 handed at anteroposterior midline and 1 handed with motion through sagittal, scaption, and frontal planes PROM to pain, all motions; multiplanar PNF patterns with eccentric and concentric loading by therapist Constant-load creep stretching, increasing-load stretching, continued mobilization grades 3 and 4, posterior capsular stretching in prone and side lying Manual scapular mobilization/assist in dynamic exercises Upper extremity matrix patterns in standing and seated on physioball with weight to tolerance 2-handed overhead weighted-ball toss off trampoline Inclined, standard, and diamond push-ups PNF rhythmic stabilization drills in supine and standing Pain-free baseball tossing 50 ft (~15 m) Basketball shot drills: shooting a basketball with shoulder flexion, scaption, and abduction positioning Core stabilization with weight ball, emphasis on upper extremity, sagittal and transverse planes Upper extremity: trunk rotation with weight ball, eccentric loading into horizontal adduction Closed-chain upper extremity proprioception drills on physioball Hydrofit hydraulic-resistance shoulder press and vertical bench press Upper and lower extremity coordination catch-and-toss drills Ice as needed Home exercise program ER, external rotation; IR, internal rotation; PNF, proprioceptive neuromuscular facilitation; PROM, passive range of motion.
The patient progressed through the modified phase III protocol in a manner similar to phases I and II. Pain encountered during this phase of rehabilitation was believed to be the result of adhesive capsulitis and impingement because of a persistent scapular movement dysfunction rather than insufficient healing of the posterior capsule or labrum. Passive stretching and grades 3 and 4 mobilizations of the posterior capsule were emphasized in the same manner as in phase II. The patient continued performing the home program. His functional status improved throughout phase III despite continued limitation of ROM and anterosuperolateral shoulder and deltoid pain as noted in the 28-week reassessment (Table  5 ). During a session of mobilization and stretching 36 weeks postimmobilization, a significant breakthrough occurred in the patient's residual symptoms. The patient was actively stretching his shoulder into internal rotation with effort against the capsular limitation. He was upright with his shoulder positioned at 90° of abduction while the elbow was positioned at 90° of flexion. On reaching what had been his capsular limitation into internal rotation, approximately 65°, the patient reported that the resistance "gave." He reported a sensation of tearing and dull but strong pain rated 6/10. On assessment, approximately 10° of motion was obtained beyond what had been his internal-rotation limit. ROM was found to be normal in all planes except internal rotation, and the patient reported that the joint felt very free and no longer tight. Full resolution of the anterosuperolateral shoulder and deltoid pain was reported the same day. The patient was reassessed at 36 weeks postimmobilization ( Table  7) . Because of the resolution of the vast majority of his symptoms, he was discharged to his home exercise program. All aspects of the patient's presentation were normalized except internal-rotation ROM and mild residual discomfort with overhead activities. The 15° active and 10° PROM limitation compared with the contralateral side was the product of the surgical procedures performed and considered an acceptable result.
Outcomes
The patient was reassessed 2 years postoperatively (Table  8) . He reported full resolution of his posterior instability and was pleased with the outcome. He reports periodic pain with certain motions, which is considered the result of continued posterior capsule tightness and mild impingement syndrome. However, he reports excellent Table 7 Muscle tone: normalized.
Subjective description: subtle shoulder tightness.
AROM
Flexion 180° pain free, abduction 180° pain free, ER (1) 90° with 90° abduction pain free, IR (1) 75° with 90° abduction pain free.
PROM
Flexion 180° pain free, abduction 180° pain free, ER (1) 90° all positions pain free, IR (1) 80° firm end feel with discomfort.
IR, internal rotation; AROM, active range of motion; ER, external rotation; PROM, passive range of motion; MMT, manual muscle test. Pain: 0-2/10. Residual pain secondary to impingement with overhead activities. MMT graded at 5-/5 in all groups vs contralateral side. Posterior stability intact with (-) jerk and draw tests. Spine-reach test: right side, T7; left side, T3.
(1) All rotation ROM was performed in supine with a stable scapula. Muscle tone: normal.
Subjective description: tight compared with the left shoulder.
AROM
PROM
Flexion 180° pain free, abduction 180° pain free, ER (1) 90° all positions pain free, IR (1) 80° firm end feel no pain or discomfort. tolerance of all work, activities of daily living, and recreation activities including throwing a baseball. He does state that his ability to throw is only 50% of what it was when he played, but he is pain free. Objective findings of this assessment were consistent with those of the 36-week postimmobilization assessment (Table 7) . ROM, manual muscle testing, and stability testing were all considered normal for the right shoulder, with the exception of limited active and passive internal rotation. The patient had an original diagnosis of bilateral atraumatic shoulder instability. Right-shoulder stability was clearly evident compared with the left side, which continues to present with 3+ posterior laxity. The patient's left shoulder was symptom free except for very infrequent subluxations.
Five shoulder-assessment tools used preoperatively were completed and compared at the 2-year follow-up. These included the Modified West Point Rowe score, 44 UCLA Shoulder score, 45 Oxford Instability score, 46 Bigliani score, 29 and the ASES. 47 Extensive improvement at the 2-year follow-up was noted compared with the presurgery scores ( Table 9 ). The patient was graded as excellent on the West Point Modified Rowe, Oxford Instability score, and the UCLA score while having a grade of good on the Bigliani score. Preoperatively the patient was graded as poor on these 4 tests. The ASES score was greatly improved at follow-up, indicating a decline in pain and disability.
Discussion
This case study describes the modified rehabilitation protocol and outcome of an active athletic man who underwent a multistep arthroscopic procedure for isolated posterior glenohumeral instability and a posterior labral tear that was complicated postoperatively by adhesive capsulitis.
This individual had an underlying diagnosis of general hypermobility, glenohumeral posterior instability, and volitional ability to posteriorly sublux the joint. This presentation indicates a possible but unconfirmed collagen disorder. 7 Previous studies have indicated poor outcomes with application of thermal energy in a population of patients with similar characteristics. 32, 48 Improved outcomes have been reported with thermal capsulorraphy combined with 6 weeks of immobilization and a defined physical therapy protocol with restrictions on stretching the posterior capsule. 1 That result was based, however, on isolated posterior laxity without any labral detachment. 1 The patient in this case study underwent a posterior labral repair, capsular imbrication, and thermal capsulorraphy. Immobilization was strictly enforced in a gunslinger brace because of the initial protocol and the fact that the patient may have had an abnormal pattern of remodeling because of a possible undetermined collagen disorder. Therefore, the risk of a poor outcome because of the possibility of this disorder was hopefully mitigated by use of strict immobilization. Subsequently, the patient was diagnosed by his operating surgeon with adhesive capsulitis, which is considered a potential complication of thermal capsulorraphy, as well as of prolonged immobilization. 1, 27, 32, 33 Adhesive capsulitis consists of 2 general classifications, primary and secondary. Primary adhesive capsulitis is considered insidious in its onset, whereas secondary is the result of trauma or prolonged immobilization. 49 The inflammatory response induced by the thermal capsulorraphy and the postoperative immobilization most likely produced a secondary adhesive capsulitis. Generally, this condition responds to physical therapy including aggressive stretching and mobilization. 49 This standard physical therapy treatment was contraindicated because of the risk of overstretching the remodeling capsule. Performance of and progression through the standard capsulorraphy protocol were also limited by the capsulitis, with a significant risk of permanently limited ROM and a poor outcome. Three main factors were consistent throughout the modified program. The first was the increased time spent in each phase. The second was maximizing mobilization and stretching that would not affect the posterior capsule negatively regardless of phase. Finally, the patient was allowed to progress to activities that were tolerated regardless of whether he had met the goals to do so.
Using a slow yet steady progression through each phase, as described in the Rehabilitation section, resulted in consistent improvement. After the 28-week postimmobilization assessment, it was assumed that the patient's capsule should have remodeled sufficiently to tolerate the stresses of phase III of the protocol despite not meeting the required goals of resolved pain and tenderness and normalized ROM. The patient was 16 weeks behind the time frame of the unmodified protocol at this point. Pain in the anterosuperolateral shoulder and deltoid with limited ROM persisted despite tolerance of the phase III protocol. It was assumed that an adhesion was the source of this limitation rather than excessive posterior capsule tightness because the patient tolerated posterior capsule stretching, posterior glide mobilization, and the behind-the-back internal-rotation towel stretch. The location of the pain and range limitations were also consistent with a subacromial, bicipital, or subdeltoid bursa adhesion, which are considered possible physical characteristics of adhesive capsulitis. 49 Subsequently, the symptoms resolved with release of the adhesion during stretching. The patient subjectively reported continued periodic pain in the subacromial region and the posterolateral aspect of the shoulder with overhead activities and horizontally adducted positions at the 2-year follow-up. It has been proposed via the circle concept of ligamentous shoulder instability that with tightening 1 area of the circle, the patulous posterior capsule in this patient, both posterior and global tightening of the entire capsule result. [50] [51] [52] Therefore, the reduction of this patient's posterior capsule laxity would result in an overall reduction of the capsular volume not isolated to just the posterior aspect. This volume reduction would in effect yield a globally tighter glenohumeral joint. A glenohumeral joint with a capsule that is tighter after surgery would most likely have different joint arthrokinematics than the preoperative loose-capsule state. As such, the patient's longstanding glenohumeral and scapulothoracic muscleactivation patterns during shoulder elevation may now be insufficient to provide a normal smooth scapulohumeral rhythm. This alteration may be responsible for the subtle scapular deviation and resultant impingement. Therefore, we hypothesize that the likely cause of the patient's persistent symptoms is a tighter posterior capsule resulting in deviated scapulohumeral rhythm.
Rehabilitation protocols for patients with complications require modification. Modifications should be based on the patient's history, the surgical technique, biomechanical characteristics of connective tissue, healing time for connective tissue, and joint anatomy, all in conjunction with therapeutic exercise and manual physical therapy. Strict adherence to a prefabricated protocol in the presented case would most likely have resulted in an unsatisfactory outcome. Obviously, the ability to generalize this case report is limited by sample size and the inherent subjectivity of therapeutic exercise prescription and intertester-intratester reliability of manual treatment. In addition, a longer period of follow-up may reveal less satisfactory results. Despite a potential complication of adhesive capsulitis, our case study supports the use of thermal capsulorraphy for isolated posterior glenohumeral instability with a concomitant posterior labral repair.
